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The  Honourable, 

The  Minister  ot  Agriculture. 
Ottawa. 

Sir:— I  have  the  honour  to  transmit  herewith  for  your  approval  Bulletin 
Nu.  20  of  the  Second  Series,  entitled  "The  Farmer  as  a  Manufacturer,  an  Out- 
line in  Popular  Language  of  some  basic  Principles  in  Agricultural  Chemistry," 
prepared  by  Mr.  A.  T.  Stuart,  B.A.,  Assistant  Chemist  in  the  laboratories  at 
the  Central  Farm. 

It  may  be  said  that  the  various  branches  of  agricultural  science  largely 
depend  upon,  or  resolve  themselves  into,  the  study  of  those  chemical  changes 
that,  favourably  or  otherwise,  affect  growth.  It  is  the  object  of  the  bulletin 
to  present,  quite  simply,  some  illustrations  of  these  chemical  processes  as 
taking  place  in  vegetable  and  animal  life  and  to  show  how  the  farmer,  through 
the  agency  of  his  crops  and  stuck,  uses  the  raw  materials  supplied  by  Nature 
for  the  manufacture  of  his  finished  products.  Should  the  few  facts,  pi  '•sented 
herein,  lead  our  Canadian  farmers  to  a  more  earnest  and  comprehensive  btudy 
of  the  basic  problems  upon  which  successful  agriculture  depends,  this  publica- 
tion will  have  amply  filled  its  purpose. 

I  have  the  honour  to  be.  Sir, 

Your  obedient  servant, 

FRANK  T.  SHUTT, 
Assistant   Director  and   Dominion   Chemist. 


Ottawa,  May  12, 1914. 
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The  Farmer  as  a  Manufacturer. 
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THE  WORLD'S  SOLE  MANUPACTURKR  OF  PROTEIN.   PATS,  CAR- 
BOHYDRATES   AND    CLOTH    FIBRES. 

Chattbr  I. 

The  Rbal  Natvu:  of  the  iNDuarRY. 

The  raw  materials  '  *  the  hands  of  the  fanner  and  the  proportioni  of  each 
uwd  are,  rouKhly  speaki.  g,  -  air,  20  lbs;  water.  76  lbs;  and  ■oil.  6  Ibe.  FVom 
these  elements  of  nature  he  manufactures  100  lbs.  of  products-Protein,  Fats, 
Carbohydrates  and  Fibres.  It  is  important  that  every  farmer  should  be 
well  acauainted  with  the  nature  of  these  products,  for  his  whol<>  life's  work  U 
involved  in  their  manufacture.  He  will  th<.n  find  great  nterest  in  everv 
operation  and  will  be  better  able  to  conduct  his  work  t>>  i  nay  yield  maxi- 
mumproflts. 

The  ultimate  object  of  farming  is  to  prepare  su.iances  whicli  will 

Seld  these  products  in  maximum  quantitica  and  of  tlic  best  quality, 
a*  ^.'  "^  can  be  encouraged  to  add  to  these  substances  attractive  colours,  odours 
ami  lavours.  Food  materials  can  be  produced  in  digestible  forms;  clothing 
materials  (fibres)  of  good  texture:  oils  of  good  quality  for  paints,  lubricants, 
etc.;  barley  can  be  grown  specially  valuable  for  brewing  and  malting;  com 
for  starch  industries;  sugar  cane  anH  beets  for  sugar;  wheat  to  yield  flours  for 
special  purposes,  etc.,  etc.,  etc. 

In  foods  we  always  And  one  or  more  of  the  constituents,  Protein,  Fat  and  Car- 
bohydrates. This  is  true  of  everything  we  eat.  whether  it  be  fish,  oysters, 
meat,  potatoes,  apples,  ke  cream,  celery  or  candy  and  even  beer.  The  chief 
difTerraees  in  foods  lie  in  the  amounts  (rf  water  and  protein  they  possess— 
strawberries  noay  be  96%  water  and  flour  only  8%.  Nature  dees  things  up 
in  neat  pac'cages  of  fibres  and  by  introducing  colours,  odours  and  flavours  we 

Set  apparently  an  endless  variety.    Illustrations  of  this  are  everywhere  abun- 
■uit,  as  witness  the  <Htmge,  apple, '  4nana,  etc. 

REQtnu.     m  OP  Man. 

An  the  neceuuties  of  111 }  wr  included  under  the  three  headings  of  Food, 
Clothing  and  ^lelter.  and  uf  ^hene  the  farmer  must  supply  the  first  and  second. 
All  materials  of  clotning  ("vool,  cotton,  leather,  silk,  linen  etc.,)  are  made  up 
at  either  animr '  .  •  vegetab'  i^bres.  To  understand  the  native  of  foods  we 
must  tint  ascen"<n  the  requir  ments  of  the  animal,  including  man. 
The  body  ui  a  man  weighing  148  lbs.,  is  made  up  as  follows: 

Water 90      lbs. 

Protein 26.6  lbs. 

Fats 28.     lbs. 

Carbohydrates trace 

Minerif 8.3    lbs. 


148.0  lbs. 
The  food  requirements  of  man,  as  well  as  of  animals,  are: 
Water  to  dissolve  and  convey  the  material; 
Protein  (containing  16%  Nitrogen)— for  flesh  and  blood  production,  to  ke9 

the  body  and  produce  energy; 
Fata  (ot  oils)— for  generat  -n  of  vital  heat  and  energy  and  store  of  fat; 
Carbohvdrates  (starches  and  sugars)— for  heat,  energy  and  store  of  fat; 
Mineral  matter  (seen  in  plant  ashes) — to  produce  tone. 


6 

These  foods  must  be  in  digestible  forms  in  order  that  they  may  be  ab- 
sorbed and  utilized  by  the  body.  In  the  potato,  92%  of  the  starch  is  digestible, 
but  only  72%  of  the  protein.  Thus  all  foods  vaiy  in  value — in  the  amounts 
and  proportions  of  their  nutrients  as  well  as  in  their  digestibility. 

How  THE  Products  are  Made. 

In  nature  the  farmer  has  only  air,  water  and  soil  to  start  on.  First  he 
produces  all  the  varied  plants  (crops),  some  of  which  are  used  directly  as  food, 
while  the  cheaper  ones  and  their  by-products  are  converted  into  animals  and  their 
products.  An  a  result  he  produces  directly  v^table  protein,  vegetable  fats, 
and  vegetable  carbohydrates  and  indirectly  animal  protein  and  animal  fat. 

The  composition  of  £he  chief  constituents  of  food  are — 

Carbohydrates  (sugar  and  starch) 

2. 

6. 

50. 
none 


Protein. 

Fats 

% 

% 

Carbon.   .53 

76.5 

Hydrogen.  7 

12.5 

Oxygen. . .24 

11.5 

Nitrogen .  .  16 

none 

Totals     100 


100 


100 


We  thus  see  that  these  foods  are  composed  of  four  different  things  £,athered 
from  air,  water  and  soil.  The  mineral  part  of  the  plant  is  very  small  and  is 
seen  as  ashes  when  the  plant  is  burned.  All  the  rest  comes  directly  or  indirectly 
from  air  and  rain. 


The  Work  of  Plants. 

The  plant  gathers  its  supply  as  here  described: 

Carbon  or  charcoal — from  air,  in  which  exists  a  gas  (carbon  dioxide). 
This  gas  is  always  formed  and  sent  into  the  air  when  plants  decay,  coal  or  wooid 
burned,  by  respiration  from  lungs,  etc.  In  the  air  over  each  acre  of  land^^in 
the  world  are  8  tons  of  this  gas — the  supply  therefore  is  inexhaustible.  Leaves 
of  plants  inhale  it  directly  from  the  air  and  under  the  influence  of  sun-light 
build  it  up  into  starch,  sugar  etc. 

Hydrogen  and  Oxygen — from  rain.  These  gases  constitute  water 
which  is  only  supplied  by  rain  or  melted  snow.  Water  is  absorbed  by  roots 
of  plants. 

Nitrogen — from  air  first,  later  from  the  soil.  This  gas  comprises  -g-  of 
the  air  and  over  each  acre  of  the  world's  surface  there  are  35,000  tons  of  this  gas. 
Certain  soil  bacteria,  inhabiting  the  roots  of  clover,  alfalfa,  peas,  etc.,  obtein 
it  from  the  air  and  in  this  way  nitrogen  becomes  fixed  in  the  soil.  In  this  form 
it  is  talcen  up  by  roots  of  plants. 

Mineral  matter — (ash  of  plants)  from  soil. 

To  sum  up: — 

Source        Nature      Taken   in   by.  Required  for. 


Carbon 


air 


Hydrogen water 

Oxygen " 

Nitrogen  air   first, 

then  soil 


solid 
gas 


leaves 
roots 


Protein  Fat  &  Car- 
bohydrates. 

If        It  li 

li       II  I. 

Protein 


Thk    Importance   of   Nitrogen. 

We  see  from  the  above  that  nitrogen  is  absolutely  necessary  for  the  for- 
mation of  protein,  one  of  the  principal  parts  of  food.  No  plant  can  fully 
develop  without  nitrogen.  It  exists  in  the  air  as  a  ^s,  but  before  being  ab- 
sorbed by  plants  it  must  be  fixed  in  the  soil.  No  plant  can  breathe  it  in  through 
the  leaves  as  it  does  carbon  dioxide.  However,  the  legumes  (clover,  alfalfa  etc.) 
seem  to  offer  breeding  places  on  their  roots  for  special  bacteria  which  are  able 
to  take  the  nitrogen  m>m  the  air  and  supply  it  to  the  roots  of  their  host.  By 
the  decay  of  the  roots  the  soil  is  enriched  in  nitrogen. 

The  logic  may  thus  be  set  forth: 

A  man's  body  contains  26  lbs  of  protein,  hence  a  man  must  eat  protein: 
Protein  exists  in  plants  and  animals:  Animals  eat  plants: 
Therefore,  a  plant  must  make  protein: 
But  every  100  lbs.  of  protein  contains  16  lbs  of  nitrogen: 
Therefore  a  plant  must  eat  nitrogen: 
But  all  plants  take  in  nitrogen  though  the  roots  only: 
Therefore,  nitrogen  must  be  fixed  in  the  soil: 

But  nitrogen  is  a  gas  in  the  air  and  no  plants  can  take  it  from  the  air  directly 
But  certain  soil  bacteria  absorb  this  gas  into  their  bodies  and  the  roots  of 
legumes  offer  places  for  them  to  live. 

Therefore: — 

Grow  legumes  to  take  the  nitrogen  from  the  air; 
to  enrich  the  soil; 
to  feed  other  crops; 
to  make  vegetable  protein; 
to  sell  as  food  for  man; 
or    to  feed  the  animals; 
to  make  animal  protein; 
to  sell  as  food  for  man; 

The  Israelites  could  not  make  bricks  without  straw: 
The  farmer  cannot  make  protein  without  nitrogen. 


(| 


Resume. 

Thus  we  see  that  all  human  food  originates  in  air  and  rain,  except  5  odd 
pounds  in  every  100  lbs  of  food  which  comes  from  the  soil.  The  supplies  of 
air  and,  usually,  rain  are  unlimited— that  of  the  soil  only  may  fail.  Without 
any  one  ingredient,  no  matter  if  all  else  be  present  in  abundance,  no  plant 
can  mature. 

The  soil  may  be  regarded  as  the  table  at  which  the  plants  feed,  though  in 
addition  to  the  food  there  provided  they  also  eat  a  very  small  bit  of  the  table. 
Man  must  prepare  the  table  properly  and  carefully  attend  to  the  guests — his 
crops — and  see  that  each  gets  enough  to  eat  and  drink  and  not  too  much  nor 
too  little.  Further,  he  must  look  after  their  health  and  keep  them  clean  and 
free  from  pests  and  parasites  and  weeds — the  uninvited  guests. 
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Chapter  II. 

SOILS. 

How  Soils  are  Formed. 

The  earliest  surface  of  the  world  was  composed  of  solid  rock,  like  granite, 
which  had  cooled  down  from  a  molten  state.  Nfow,  these  rocks  are  nothing  more 
than  innumerable  small  pieces  of  mineral  cemented  together.  The  other  type 
of  rock  (marble,  limestone,  sandstone  etc.,)  were  formed  later. 

Soils  are  formed  by  IJie  decay  and  crumbling  of  these  rocks.  The  small 
pieces  of  mineral  became  separate  and  covered  the  surface.  Then  plant  life 
besnn  to  develop.  The  vegetable  organic  matter  (humus)  resulting  from  the 
gradual  decay  of  plants  together  with  the  small  pieces  of  minerals  gave  us  our 
soils  of  to-day. 

Minerals  in  Soils. 

If  a  soil  be  sorted  out  and  the  humus  separated  we  can  actually  see,  by 
means  of  the  miscroscope,  the  great  variety  of  small  pieces  of  minerals.  It  is 
upon  these  minerals  the  plants  must  ultimately  depend  for  their  supply  of 
nuneral  matter. 

The  plant  requires  a  considerable  variety  of  mineral  matter,  but  luckily  in 
farming  it  is  found  that  of  this  only  Phosphoric  acid.  Potash  and  Lime  run 
short.  Of  course,  in  addition  to  this  we  must  consider  the  supply  of  nitrc^n 
in  the  soil,  as  described  before. 


The  Physics  op  Soils. 

In  general  the  constituents  of  soils  are: 

1 .  Clay,  the  particles  of  which  are  extremely  small ;  they  measure  ^^  inch. 
Its  plasticity  and  adhesiveness  hold  the  particles  of  sand  and  these  help  to 
form  soils  oi  good  tilth. '  The  extreme  fineness  serves  to  hold  moisture  and  gases 
and  solutions  of  plant  food. 

2.  Sand,  Slit  and  Dust,  or  ground-up  rock  form  the  greater  part  of  soil. 
These  particles,  varyuig  greatly  in  size,  are  much  larger  than  those  of  clay. 
They  help  to  make  a  soil  porous  and  mellow. 

3.  Humus,  vegetable  matter  from  the  decay  of  plants. 

These  particles  can  be  sorted  out,  counted  and  measured.  In  size  they 
vary  from  ^to  ^^  of  an  inch,  and  the  number  in  1  gram  of  soil  (an  amount 
which  may  be  held  on  the  point  of  a  pen-knife)  may  vary  from  1,000,000  to 
100,000,000,000,000.  If  the  surfaces  of  these  small  particles  be  added  together 
they  will  measure  from  20  square  feet  to  3  acres  f o  each  pound  of  soil. 

This  may  seem  unnecessary  detail,  but  it  must  be  realized  that  upon  these 
conditions  depend  the  whole  possibilities  of  agriculture.  In  a  soil  suitably 
moist  for  crop  growth  each  particle  is  closely  surrounded  by  a  thin  film  of  water 
from  which  the  plant  must  take  its  living.  The  larger  particles  here  and  there 
keep  open  the  soil  passages  so  that  air,  water  and  roots  can  pass  ^ong. 

It  is  the  variations  m  kinds  and  amounts  of  these  particles  that  make  all 
the  different  kinds  of  soil.  Weights  may  thus  vary  from  30  to  110  lbs.  per 
cubic  foot  and  the  air  spaces  from  an  extremely  small  amount  to  25  or  50% 
of  the  total,  as  in  well  tilled  soils  where  large  crumbs  are  formed  (good  tilth). 


\ 
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The  Life  of  the  Soil. 

The  differences  between  soil  and  subsoil  lie  in  the  predominance  of  roots 
and  decayed  residues  of  plants  and  animal  matter  near  the  surface.  Here  also 
is  more  exposure  to  air,  heat  and  cold,  light  and  life.  living  with  and  upon 
the  decayed  vegetation  are  myriad  forms  of  bacteria.  Their  number  may  run 
to  15,000,000  in  one  gram  of  soil.  Then  there  are  moulds  and  fungus  growths 
and  ferments;  many  of  these  minute  forms. of  life  do  a  most  valuable  work  in 
preparing  food  for  farm  crops. 

Of  the  utmost  importance  among  all  these  low  orders  of  vegetable  or  animal 
life  is  the  fact  that  certain  bacteria  oi-e  active  in  absorbing  nitrogen  from  the 
air.  These  live  chiefly  on  the  roots  of  leguminous  crops  (clover,  alfalfa,  peas, 
beans,  etc.)  and  the  good  farmer  takes  advantage  of  them  to  enrich  the  soil. 
There  are  many  other  beneficial  agents  at  work  amongst  which  are  the  earth 
worms.  When  all  is  added  together  this  work  greatly  exceeds  the  sum  total  of 
all  human  endeavour. 

Movebient  of  Soil  Water. 

There  are  two  main  movements  of  water,  up  and  down.  After  a  rain  there 
is  a  great  rush  of  water  downwards,  with  which  are  carried  the  finer  particles 
of  clay  and  plant  food  in  solution.  On  the  other  hand,  in  dry  weather,  water 
has  a  tendency  to  climb  up  through  the  small  spaces  and  evaporate  at  the  sur- 
face. In  so  doing  it  carries  up  much  material  soluble  ip  water  which 
sometimes  deposits  at  the  surface.  This  explains  why,  in  drj'  regions,  (as  in 
parts  of  Western  Canada)  alkali  lands  are  formed.  In  such  plwes  there  is 
not  enough  rain  to  wash  the  alkali  down  and  away  into  the  rivers  and  oceans 
where  all  such  material  collects  to  form  the  salt  sea. 

In  wder  to  grow,  plants  require  from  200  to  1000  times  their  dried  weight 
of  water.  This  very  large  amount  is  taken  up  by  the  roots  and  evaporates 
from  leaves  and  totals  hundreds  of  tons  per  acre  each  year.  In  the  soil,  water 
may  be  classified  as  follows: 

1.  That  which  is  absorber,     om  air. 

2.  That  which  is  suspended  between  particles  (film  water). 

3.  That  which  sinks  down  and  runs  away. 

Upon  No.  2,  the  plants  depend  for  supplies. 


\ 


Regulating  and  Conserving  Film  Water. 

1.  Loosening  the  surface  allows  rain  to  soak  in. 

2.  Under-drains  help  to  increase  the  water-holding  capacity  of  so:',  by  keep- 

ing clay  loose  and  porous,  likewise  they  carry  off  excess  of  free 
water  which  drowns  the  roots  of  crops. 

3.  Irrigation. 

4.  Loose  surface  tilth  with  close  texture  below  allows  water  to  climb  up  to 
roots  but  not  to  the  surface  to  evaporate. 

5.  Weeds  are  a  heavy  drain  on  soil  water  supply. 

Plant  Food  in  Soils. 

A  moment's  reflection  will  convince  one  that  the  roots  of  plants  cannot 
assimilate  a  solid  piece  of  soil.  The  root  hairs,  which  take  in  the  food  sup- 
plies, are  like  smdl  paper  bags.  Everything  entering  the  roots  must  pass 
through  these  cell  walls  so  that  it  is  clear  that  plants  can  only  drink  in  their 
food,  which  must  be  absorbed  from  its  solution  in  water. 
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I'xxi  ^"  *^*  "?'''  R^,*  '°°**  ™*y  ^  ""<*  *<*  «™*^  in  three  conditions.  A  very 
little  IS  already  dissolved  in  water,  some  of  it  can  be  fairly  easily  dissolved 
and  naay  be  called  available  and  lastly  there  is  the  big  reserve,  practically 
msoluble,  in  the  form  of  particles  of  rock  and  minerals  and  decayed  plants 
Nature  thus  holds  large  stores,  but  doles  out  gradually  the  requirements.  If 
the  available  forms  of  plant  food  be  drawn  upon  too  fast  we  see  crops  becoming 

Ic88  miu  1688* 


CHAPTER  III. 
Maintaining  Fertility. 

It  is  evident  that  the  farmer  must  exercise  extreme  care  if  he  would  keep 
his  soil  in  the  highest  condition  of  productiveness.  The  soil  is  the  real  guard- 
ian of  the  farmer's  capital  and  the  security  is  absolute.  Try  as  he  may  he  can- 
5?*.j  "^^^  the  bank '.  He  may  bring  about  temporary  derangement  and 
dividends  may  for  a  while  be  suspended,  but  invariably,  under  better  manage- 
ment, prosperity  can  be  restored  and  perhaps  even  larger  profits  than  ever 
secured.  However,  if  the  farmer  is  a  good  banker  he  will  not  draw  upon  his 
accounts  faster  than  he  makes  deposits,  but  will  gradually  build  up  wealth 
upon  which  he  may  draw  more  and  more  interest.  He  is  at  once  the  proprietor 
and  patron  of  Nature's  Bank. 

•rhe  ledger  account  he  keeps  may  be  headed  "Fertility".  His  deposits 
(the  Dr.  side)  consist  of  what  fertility  he  adds  to  the  land— by  raising  clover 
and  other  legumes  and  in  the  return  of  all  manure.  His  withdrawals  (the  Cr. 
side)  consist  in  what  he  removes  from  the  land  and  sells  off  the  farm,— butter, 
cattle,  grain,  or  occurs  through  loss  in  handling  manure,  etc.  The  net  loss, 
may  be  kept  very  low,  even  nil,  by  selling  small  bulk  (concentrated)  products  at 
high  pnces,  e.g.,  butter,  milk,  eggs,  poultry,  wool,  pork,  beef,  mutton,  fruits, 
v^tebles,  as  against  selling  bulky  products  at  low  prices  (hay  and  grain). 
The  figures  are  startling:  a  160  acre  farm  in  one  case  may  lose  no  fertility  or 
even  gain  a  considerable  amount,  while  in  the  other  the  annual  loss  of  plant 
food  may  reach  15,000  lbs.  per  year  of  Nitrogen,  Phosphoric  acid  and  Potash. 


Fertilizers. 

It  is  often  profitable  and  sometimes  very  profitable  to  apply  also  forms 
of  platit  food  other  than  those  produced  on  the  farm.  These  may  be  used  with- 
out disturbing  the  ordinary  methods.  The  use  of  fertilizers  calls  for  consider- 
able care  and  it  is  just  as  easy  to  contract  large  losses  from  their  misuse  as  it 
is  to  obtain  large  profits  from  then-  right  use.  However,  the  fact  that  fre- 
quently profits  may  be  doubled  by  their  employment  shows  their  possibilities. 
The  nature  and  composition  of  fertilizers  is  a  subject  well  worthy  of  the  far- 
mer s  careful  study.  No  farmer  should  employ  fertilizers  unless  he  has  proven 
by  experiment  that  by  them  he  makes  a  profit. 

It  is  usually  much  cheaper  to  buy  the  materials  and  mix  them  at  home  than 
to  purchase  a  ready  made  fertilizer.  A  summary  of  the  results  of  some  10,000 
fertilizer  experiments  in  the  United  States  has  been  made  and  it  seems  pos- 
sible to  draw  a  few  general  conclusions  therefrom  which  might  be  of  value.  Of 
course  it  must  be  remarked  that  these  conclusions  do  not  apply  in  each  and  every 
individual  case. 

1.  That  is  is  generally  much  more  profitable  to  use  complete  fertilizers, 
I.e.,  those  containing  all  three  elements— Nitrogen,  Phosphoric  acid  and  Po'^"*:*'. 


11 

2.  That  moderate  applications  only  are  advisable— say  from  300  to  500 
lbs.  per  acre. 

3.  That  increased  yields  may  follow  the  use  of  fertilizers  on  many  classes 
of  soils,  even  those  considered  rich. 

It  is  usuallv  easy  to  obtain  considerable  profits  on  such  crops  as  potatoes, 
while  fertilizers  for  such  crops  as  grain,  hay  and  com  require  very  careful  study. 
The  safest  practice  seems  to  be  to  fertilize  the  money  crops  in  the  rotation, 
allowing  other  crops  to  benefit  by  the  residues. 


Sources  op  Plant  Food. 

Nitrogen— Manure,  Clover,  Tankage,  Nitrate  of  Soda,  Sulphate  of  am- 
monia. 

Phosphoric  Acid. — Manure,  acid  phosphate,  basic  slag,  bone. 

Potash. — Manure,  sulphate  of  potash,  muriate  of  potash  and  wood  ashes. 

The  importance  of  manure  in  farm  economy  is  now  realized.  It  is  the 
inevitable  by-product  of  the  properly  conducted  farm,  just  as  bran  and  shorts 
and  tankage  are  the  by-products  of  manufacture.  It  is  a  surety  that  the 
maniifacturer  exacts  full  value  f»-om  his  by-products.  Why  not  the  farmer, 
the  manufacturer  of  protein,  fat  and  carbohydrates  ? 

In  order  to  establish  a  proper  treatment  and  care  of  the  land  the  crops 
are  "rotated."  In  this  way  all  parts  of  the  farm  get  an  equal  chance.  This 
also  serves  to  produce  the  different  kinds  and  amounts  of  crops  as  required 
for  feeding,  allows  for  proper  manuring  and  cultivation,  for  alternation  of 
crop  with  deep  and  shallow  root  systems,  for  using  preceding  crop  residues, 
gathering  nitrogen  from  air,  distributing  farm  labour,  controlling  weeds,  etc., 
etc.,  etc. 

CHAPTER  IV. 

The  Processes  of  Life. 

It  Is  in  the  little  cells,  of  which  all  plants  and  animals  are  con- 
structed, that  the  manufacture  of  protein,  fat  and  carbohydrates 
and  fibre  as  well  as  colours,  odours  and  flavours  takes  place.  Each  cell 
is  a  wonderful  chemical  factory. 

Under  the  microscope  all  plants  and  animals  are  found  to  be  made  up 
of  little  cells  or  pouches.  Some  consist  of  only  one  or  few  cells,  such  as  brewers' 
yeast,  while  others,  as  for  instance,  a  tree  or  a  cow,  are  made  up  of  thou- 
sands upon  thousands.  The  cells  of  the  orange  and  lemon  are  so  large  that 
they  can  be  readily  seen,  when  cut. 

If  we  closely  examine  a  cell  we  shall  gain  some  id? 
that  grows — both  plants  and  animals.  As  an  example 
salem  artichoke  seen  under  the  microscope  which  wii. 
It  resembles  a  little  bag  filled  with  water.  Within 
round  body,  "the  nucleus."  A  viscous,  tiu-bid  fluid,  protoplasm,  lines  the 
inside  of  the  cell  wall  and  is  connected  with  the  nucleus.  This  liquid  plays 
a  very  important  part  in  all  processes  of  life,  and  from  it  everything  else  is 
manufactured. 

We  thus  have: 

1.  The  wall — fibre  or  tissue. 

2.  The  contents  lining  the  wall — protoplasm. 

3.  Little  body  in  centre — nucleus. 

4.  Clear  liquid — sap. 


of  the  structure  of  all 

;  a  cell  of  the  Jeru- 

gnify  it  280  times. 

.le   cell   is   a   little 
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Cott<Mi,  flax  and  hemp  conidst  of  long  ilender  eelb.  in  wood  the  eelk 
are  ong  and  miind  in  bundlee.  AU  UvSi  cell,  iw  dSIteSed  ?Sth tlS 
«  PJM,^  which  yteTd  oU  anuU  dropleta  of  df  S  toL  SS^Ute  eoSSSf 
•M  nUJQ^iwice.  trmvd  m  «Mi  doSm  in  the  i^^ 
T«*i^  plMt  celk  varfee  from  often  lees  ^l^Siy^Z")!^^^!^' 
tSiTrt  l?uj?tti^  •nin-tte  r«ml<.  from  a  ^  Hc^ta  nJSbSif 
cells.  The  nucleus  dividee  into  two  parti  and  walls  btow  around  eush  and 
thus  we  have  two  cells.  In  small  plahts  like  yeMttt-%rowSJSlb!Slite 
whliV?n^„  ?*  **,^l  "^  tick  together  aHuZ  SST^f^Z^^', 
X'JSe  Ste*  S"&38SfoS^JefSr  large  as  a  peck  measun..  the  cells  SSK 


better 


nKi«Sf..Ji°J  d^^ht  acquaintance  with  the  nature  of  a  ceU  one  is  b 
able  *«, understand  the  principles  underlying  the  feeding  of  plantfc  und  animtds 
ar  Aus  will  be  m  a  better  position  to  feed  his  crops  tmd  stoS  wonomSr 
i  cell  |s  a  wonderful  Uttle  factory  in  itself.  tBK  S  nTKS  SS 
^  hat  all  materials  must  come  in  through  the  cell  rails  InSde  the  odl  the 
S"'Jd^??l,?!LS'^'^^  manufactSi plaS dS.  fiteSSdlLtehyd! 
rates,  and  m  the  case  of  animals,  animal  protein,  fits,  but  no  carbohydrates. 

Furthermwe  materials  to  be  useful  for  life  must  be  caoable  <rf  beins 
Wu^  'n.^^tef  by  .means  of  various  natural  agente.  wrSSS  3  nbS! 
food  being  "available"  and  of  ammal  food  being  ^i»Mtible".  ^Sod  in  aSr 
other  shape  is  useless  and  represents  mere  wast^  *  ooa  m  any 

«„iw??*T®  S-  *T^  ^  '<^  ?  »c*«d  upon  by  the  digestive  juices  which 
fE?^ii?„hi.*' nS^lJLT"***- ,  ^°  «"«*  '0™  «>e  food^en  y»MthroS 
Sl.'tfi^^^^e  ^S^^  StSg^Sr ^  *"  *••  paTTthTW 

protS^S^S-CyS.SS^aSSi^^bSS:*"'^  °'  "^  '""'"^^  ^"^"-  '"™»  »' 


CHAPTER  V. 
THE  PRODUCTS  OF  THE  FARM. 

Protein,  Fat,  Carbohydrates  and  Fibres". 
The  products  of  the  farm  are  thus  classified: 


(a>  Plant  products. 


(b)  Animal  products. 


1.  For  human  food,  direct. 

2.  For  stock  food,  direct 

3.  For  manufacturers  of  food,  clothing  and 

shelter. 

1.  Human  food  direct. 

2.  For  manufacturers  of  food,    clothing    and 

shelter. 


Stock  Foods. 

^f  *J^^  following  tables  are  of  considerable  interest  as  showing  that  the  nature 
of  the  ai>parently  great  vanety  of  materials  is  comparatively  simple  and  can  be 
easily  underetood  By  reading  the  figures  one  ^1  be  able  to  diiSish 
between  good  and  valuable  products  and  inferior  ones.  »"«KuiBn 
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15 
13 

9 
11 


86 

40 
39 
40 


16 
10 

5.4 
7.2 
8. 


7 
60 


4.S 

3. 
II. 

«. 

9. 


S. 

I. 

a. 

4. 

8  5 

S. 


1. 

s. 

1.6 


l.S 
1.6 
1.6 
6. 


4. 
6. 
8. 

a. 
a.a 


S9. 

7. 

a. 

IS. 
1.6 
S9. 

I. 
.4 

I. 


.5 

.a 
.a 


1.4 

IS 


.7 
.5 

.S 
.5 


l.T 
IS 
1.1 

1. 


.1 
.2 
.2 


SS 

14. 


14 

The  food  raquiranenti  of  an  animal,  both  a«  to  quantity  and  quafity,  art 
determined  by  its  age  and  functi<m.  A  yoong  and  growing  animal  needi  a 
liberal  ration  rich  in  protein  and  bone-forming  matenal:  a  mature  animal  doing 
no  work  can  do  yery  well  on  a  ration  etmiparauvely  poor  in  protein.  Economy 
in  feeding  ia  attained  by  meeting  the  requirement  of  ipecial  caiei  cowi  in 
milkjSteer  fattening,  laying  hem,  etc.,  etn. 

The  val  .j  of  food  (protein,  fat  and  carbohydrates)  can  be  measured  by 
the  amount  ci  energy  it  it  able  to  develop  for  supplying  the  body  with  warmtn 
and  strength.  The  measure  used  is  called  a  "calory."  In  the  following  table 
the  composition  and  "fuel  valiw"  of  the  more  common  human  foods  are  i^ven, 
together  with  the  figures  showing  the  relative  costs  to  the  consiuner. 

Human  Foods 


Bw(,  fiMh 

•Moin  itcmli. . 

Mn 

•baiik 

CoriMd  bml 

TongtM,  piekM , . . 

VmI,  Ut 

Mutton,  hln4U|. . 

Lwnb,  hind  bt. .. 

Pork,  Inch  ham . . . 

"      imoked  hAm 

Sauuge,  pork 

Etgt,  bon'a 

Buttw 

MUk  wholo 

Crcun 

CbMw,  hill  mam . 

Flour 

Braad,  whiU 

Soda  eraelnra 

MoUnaa 

CMdy 

Sufar  

B«aiia,driMl 

Cabbage 

Onfrna 

Potatoea 

Appha 

Oranjca 

Watcrmelona 

Raiaioa 

PaannU 

Choeolata 


It  8 
13  3 
U  9 

5  4 

6  (I 
U2 
18  4 
17.4 
10.7 
13.8 

11  a 


16.0 
10  0 
20.0 
26.0 
27.0 
69.4 
10.0 
24.6 


J 


64.0 
62.6 
42  9 
49.2 
68  » 
«0.1 
SI. 2 
63  t 
48.0 
S4  8 
39  8 
66.6 
11.1 
87.0 
74.0 
34.2 
12  0 
36.3 
6  9 


12.6 
77.7 
78.9 
62.6 
63.8 
63.4 
87.6 
13.1 
6  9 
6.9 


16  6 

16.1 

12.6 

14.3 

11.9 

16.6 

16.1 

16.9 

18.6 

14.2 

18.0 

13.1 

10 

3.3 

2.6 

26.9 

11.4 

9.2 

9.8 


22  6 
0  9 
14 
1.8 
OS 
0.6 
0.2 
2  3 
19.6 
12.9 


16  1 
17.6 

7.1 
28.8 
1(.< 

7.9 
14.7 
18.8 
26.9 
88. 4 
44.2 

9  3 
86.0 

4.0 
18.6 
38.7 

10 

1.8 

9  1 


1.8 
0.2 
0.3 
0.1 
OS 
0.1 
0.1 
SO 
29.1 
48.7 


1.1 


6.0 
4.6 

2.4 

75.1 

53.1 

78.1 

70.0 

98.0 

100  00 

69  6 

4.8 

8  9 

14.7 

10.8 

8.6 

2.7 

68.2 

18.6 

30.3 


0.9 
0.9 
0.8 
4.< 

4.S 
0.9 
O.t 
0  9 
0.8 
4.2 
2.2 
0.9 

to 

0.7 
0.6 
S.8 

0.6 
1.1 
2.1 


3.6 
0.9 
0.6 
0.8 
0.8 
0.4 
0.1 
3.1 
1.6 
2.2 


HI 

In 


976 

I«t6 
Mi 

U4S 
1010 


itie 

I«t5 

2076 

•16 

1410 

310 

M5 

1886 

1686 

1100 

1876 

1126 

lt8l> 

1760 

1620 

116 

190 

295 

190 

2M 

60 

Ittt 

1776 

6815 


TmCwmmwuLrumMum 


u 


mml,mtmmmn |M0 

Mmam^tum IN 

ilwMpwk,Mi IMS 

Fwk.  bt  nit KM 

HaUbitt.  (Nik tW 

I T«B 

IN 

*<Mm  iitt 

MS 

IISS 

MUk SM 

Wk«t  floor MN 

C«n>  bmI MM 

OstiBMl I6M 

Mm zoiS 

WhMt  bnad 2400 

Bwna,  wfc.ta,  dry   mm 

Ctlmy ISO 

(Poutas  Me.  bia.). itTO 

Tumlpr 1200 

Appl«  1270 

Bwiaiuii 270 

S"!" tno 


SM    dlwtai  (BMBROY.'JUUT  RC). 


tiMI 


tiM 


:fead  in  liM. 


Factory  Products. 

The  fanner  manufactures  from  air,  water  and  soil  all  the  varieties  of  food 
and  clothing— protein,  fat,  carbohydrates,  tissues  and  fibres,  colours,  odours, 
flavours,  digestives,  piiisons,  alkaloids,  etc.,  etc.  The  so-called  manufacturer 
merely  sorts  these  out  by  machinery  and  chemical  processes  and  sells  or  uses 
them  for  various  purposes.    Who  is  the  real  manufacturer? 

In  the  first  column  of  the  following  table  we  hive  the  constituents  of  plants 
and  animals  produced  on  the  farm;  in  the  second  column  there  is  the  deposi- 
tion of  those  from  plant  sources,  in  the  third  that  of  the  products  from  animals. 


Farm  Products 


PAcmnT  Pboouctk 


(a)  Plant 


(b)  Animal 


I.  Protein 


Ucata,  eaicio,  glu*.  iriatint,  (tc. 


tl.  Fata 


Oik 


Unaaad  oil,  com  oil,  oottouMd  oil. 
•te,  for  painu,  aoap,  lubrlomta. 


oIm  oil,   lard  oil,   etc,   for  loaiM, 
lubricant!,  etc. 


fata 

wax 
gums 

atMvln 

camauba 

rubber,  ebewinc  (um 

lard,  tallow,  greaaea,  etc 
beeswax 

• 

III.  Carbohydntei 

autar,  candy,  atarcb,  beer,  whUkey, 
paataa,  etc. 

none 

IV.  Mineral 

bone    proQueta. 

v.     Tianca  and  Flbra* 

Cotton,  linm,  wood  and  |>aper. 

wool,  bair,  leather,  sUk. 

VI,        Colour^  odoura,  flavoura,  diiMtive^  alkaloida,  poisona  and  all  plant  extraeta. 


It 

Tm  NicMMTiM  or  Lira. 

TIm  relative  unounts  of  the  ncccnitiM  of  life  produced  on  farme  com- 
pared with  thoee  produced  by  ail  otlier  natural  reeourcee  combined,  aa  approii- 
niatdy  true  for  Canada: 


Nkhmtim. 


FMMfClB  Bt 


An  Mkar  natiml  nwurrri!. 
(MlitM,  rgrau  «  rhim.  Im) 


FMi 

Cwb«h]r4ntM 


CtatmiM. 


TliMai  ud  Flbm 
M<Uh  ud  Miwnb 
HntudUgkt 


JCk 


JtSL 


1% 


JttSL 


JLL 


JSSL 


i% 


JttL 


JtSL 


